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cytokine- inducible nitric oxide synthase (iNOS) in 
spleen. Treatment of these mice with anti-IL-12 or anti- 
IFN-y led to the progression of parasitemia and fatal outcome. 
Anti-IL-12 treatment significantly reduced the secretion and 
mRNA expression of IFN-y and greatly diminished the augmentation of 
iNOS mRNA expression. In addition, recombinant IL-12 administration 
delayed the onset of parasitemia because of the enhanced IFN-y 
production. These results suggest that blood-stage P. berghei XAT 
infection induces IL-12 production, which is important for the 
development of host resistance via IFN-y production. 
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he mosquito vector decreases 
of plasmodial infection despite an 
increase in the number of gametocytes. The present study was aimed to 
clarify the mechanism of this natural transmission-blocking by using the 
murine malaria parasite, Plasmodium yoelii. The 

development of cultured gametocytes taken from the mice on days 4 and 5 
after infection was significantly impaired; however, gametocytes taken 
from the mice on day 3 developed normally into ookinetes. These results 
indicated^that~ the gametocyte infectivity was already lost in the infected 
host. The contribution of nitric oxide to diminished 

gametocyte infectivity was confirmed using L-NMMA, a selective inhibitor 

of nitric oxide synthase, and NOC5, a nitric 

oxide donor. The reduction of oocyst formation was partially 

reversed on day 4 after P. yoelii infection in the L-NMMA-treated group. 

The prevalence of infection among mosquitoes fed on mice 5 days after P. 

yoelii infection increased dramatically by the L-NMMA treatment. 

Moreover, the number of oocysts per mosquito midgut fed on the 

N0C5-treated mice infected with P. yoelii significantly decreased; 

likewise, gamete/zygote formation in vitro was inhibited by the 

pre- incubation of gametocytes with NOC5 before the gametogenesis . These 

results suggest that nitric oxide, as an effector 

molecule, inhibits the development of P. yoelii gametocytes into gametes. 
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AB The elimination of liver-stage malaria parasites by 

nitric oxide (NO) -producing hepatocytes is required bv 
T cells . B oth CD8.'sup.+ and CD4 ; sup; -+--T* cells, which surround infected 
hepatocytes , are evident by 24 h after sporozoite^ challenge in Brown 
Norway rats previously immunized with irradiated Plasmodium 
berghei sporozoites. While the number of CD4.sup.+ T cells remained the 
same beyond 24 h postchallenge, the number of CD8.sup.+ T cells increased 
three- and sixfold by 31 and 44 h, respectively. This increase in the 
number of CD8.sup.+ T cells correlated with a decrease in the number of 
intrahepatic parasites. In immunized rats, intrahepatic parasites were 
reduced in number by 31 h after sporozoite challenge and cleared from the 
liver by 44 h, as visualized by P. berghei- specific DNA in situ 
hybridization. JA immunized ra ts were treated with jmin o guanidi ne, a 
substrate inhibitor of NO sy nt?haseT ^~trTnl^ cha 1 1 erigeT " " 1 i ve r - s t ag e _ 

prcfi^c^T?^ the increal3eF~iir^ ~~ 

buTdenT^Fu^tE-her j -'h*-i'S to logical examination of infected livers from 
immunized animals treated with aminoguanidine revealed fewer and smaller 
cellular infiltrates surrounding the infected hepatocytes, and the number 
of CD8.sup.+ T cells that normally accumulate within the infiltrates was 
drastically reduced. Consequently, the infected hepatocytes were not 
cleared from the liver. We hypothesize that the early production of NO 
may promote the influx and/or enhance local proliferation of 
malaria parasite-specific CD8.sup.+ T cells or a CD8.sup.+ T-cell 
subset which is required for parasite clearance. 
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AB The 19-kDa carboxyl -terminal fragment of the merozoite surface protein-1 
(MSP1) is a leading malaria vaccine candidate but: is unable to 
induce immunity in all monkeys or all strains of mice. The mechanism of 
immunity is unclear, although data show that cell -mediated immunity plays 
a critical role following immunization with the larger mature MSP1 
protein. We optimized a vaccine protocol using the MSP1 sub (19) fragment 
of Plasmodium yoelii expressed in Saccharomyces cerevisiae, such 
that following exposure of mice to parasites, they remained undetectable 
in peripheral blood, whereas control animals all died at very high 
parasitemia within 10 days. We then depleted the vaccinated mice of >99% 
of CD4 super (+) T cells by anti-CD4 mAb treatment and could show 
that infections in most animals remained subpatent following challenge. 
Furthermore, mice in which the gene for the mu -chain of Ig had been 
disrupted could not be immunized with MSP1 sub (19) . Immunity in normal 
mice did not depend on the presence of an intact spleen nor production of 
nitric oxide, persisting unabated when >70% of splenic 

macrophages were depleted. Thus, while effector CD4 super (+) T cells may 
contribute to immunity, neither .they nor factors associated with a 
Thl-type cell mediated immune response appeared to play the major role in 
MSP1 sub (19) -induced protection in normal mice. Furthermore, T cells were 
not sufficient for immunity in mice lacking B cells. In normal mice, 
protection correlated with a very high titer *bf MSP1 sub (19) -specif ic Abs 
(>6, 400, 000) , predominantly Gl and G2b, which may function by merozoite 
n eu t r a 1 i z a t i on . 
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AB Plasmodium berghei ANKA infected C57B1/6 mice develop cerebral 
malaria at a" parasi'taemia of 15-25%. When parasitaemia reached 
10%, P^ berghei infected mice were treated with artemether, chloroquine or 
clindamycin^ in order to prevent the occurrence of cerebral malaria 
. Artemether and chloroquine were highly efficient. "Functional tests 
revealed that zymosan stimulated spleen cells from untreated mice with 
cerebral malaria showed a slight decrease in their capacity to 
produce reactive oxygen intermediates (ROD when compared with naive mice. 
After artemether or chloroquine treatment,' the ROI production 
was significantly enhanced. The interf eron-gamma induced production of 
reactive nitrogen intermediates (RNI) was slightly elevated in mice with 
cerebral malaria, but^markedly elevated in artemether or 
chloroquine treated mice when compared with naive mice. Moreover, high 
levels of inducible nitric* oxide synthase" gene 

expression could be detected by in-situ hybridization in spleen sections 
of mice which had been treated with artemether or chloroquine. These 
findings suggest that increased production of ROI and RNI after 
chemotherapy may play a -protective role for the host during 
malaria. 
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We investigated whether gamma interferon (IFN-y; a Thl cytoki? 
tumor necrosis factoe alpha (TNF-a) , and interleukin-4 (ILy4; 
cytokine) modulate nitric oxide (NO) production in / 
vivo during blood stage infection with Plasmodium chabaudi AS. 
Treatment of resistant C57BL/6 mice, which resolve infection with 
P. chabaudi AS and produce increased levels of I FN- y, TNF-a, 
and NO early during infection, with ant i- IFN-y plus 
anti-TNF-a monoclonal antibodies (MAbs) resulted in a reduction of 
both splenic inducible NO synthase mRNA and serum NO . sub. 3 . sup . - levels 
by 50 and 100%, respectively. Treatment with the 

anti-TNF-a MAb alone reduced only serum NO . sub . 3 . sup . - levels by 

35%, and treatment with the anti-IFN-y MAb alone had no 

effect on NO production by these mice during infection. Susceptible A/J 
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mice, which succumb to infection with P. chabaudi AS and produce 

increased levels of IL-4 but low levels of IFN-y, TNF-a, and 

NO early during infection, were treated with an anti-IL-4 MAb . The latter 

treatment had no effect on NO production by this mouse strain 

during infection. In addition, our results also demonstrate that 

treatment of resistant C57BL/6 mice with ant i -IFN-y plus 

anti-TNF-a MAbs affects, in addition to NO production, other traits 

of resistance to P. chabaudi AS malaria such as the peak level 

of parasitemia and the development of splenomegaly. Furthermore, the 

change in spleen weight was shown to be an IFN-y- independent effect 

of TNF-a. Treatment of susceptible A/J mice during 

infection with an anti-IL-4 MAb had no effect on these markers of 

resistance. Thus, these results demonstrate that TNF-a and 

IFN-y are critical in the regulation of NO production and other 

traits of resistance during P. chabaudi AS malaria in C57BL/6 

mice. These data also indicate that treatment with an anti-IL-4 

antibody alone is not able to induce NO production or confer resistance 

to A/ J mice against P. chabaudi AS malaria. 
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AB The production and function of nitric oxide during 

the early phase of blood-stage^ infection with Plasmodium 
chabaudi AS was analyzed using two inbred strains of mice that differ in 
the level of resistance to this parasite. Northern blot analysis of in 
vivo expression of inducible nifr rie.- oy id e synthase 

(iNOS) revealed that early during infection resrsxant C57BL/6 mice, which 
clear the infection by 4 wk, have higher levels of iNOS mRNA in the 
spleen than susceptible A/J mice. In contrast, susceptible A/J mice have 
significantly increased levels of iNOS mRNA in the liver later in the 
course of infection just before death occurs. Splenic macrophages 
recovered from resistant C57BL/6 mice on day 7 postinfection express iNOS 
mRNA which is up- regulated following overnight stimulation of the cells 
with LPS. Furthermore, during the first week postinfection, splenic 
macrophages recovered from resistant hosts produce significantly higher 
levels of nitrite (NO. sub. 2 . sup . - ) in vitro in response to LPS than 
similarly stimulated macrophages from susceptible A/ J mice. Increased 
levels of nitrate (NO . sub. 3 . sup . - ) were only detected in serum of 
resistant C57BL/6 mice at the time of peak parasitemia. Treatme n t, 
w ith the i NOS inhibi tor , aminoguanid ine , reduced NO. sub. 3 . sup. - levels in 

ffgrum of^j ^ TkSJ^rSf^ and "elimina te a r e"S"i s t a n c e Jo^^iiese no s t s Tro~P~~" * 

chabaudi A S malaria without a ff e c tTngf^ — 
results demon s t r a te t Ka'tT~'t He ""a SIT 1' ty 'to produce high amounts of j 
nitric oxide (NO) early during infection wit h-~ — ---^^ 
bl ood^t age HP"! cha baud 1 AS cor r_e_la_t.e s with ^es i s t an c e , "but that NO may 
npE"~be involved in parasite killing. Moreover ^t he^fris sue srFe* v 

^of TNO^ro dtxctrronr^t hat is,,^s pl"e*ey ys liver,, appears to be critical' and 

correlates with resistance vs susceptibility to P. chabaudi AS 
malaria , respect ively . 
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AB The effects of IL-12 administration on the development of protective 
immunity to blood- stage Plasmodium chabaudi AS were analyzed. 
Treatment of susceptible A/J mice on the day of infection and for 
5 days postinfection with various doses (0.025-0.3 j-ig) of rIL-12 
significantly decreased the peak parasitemia level, but only 
treatment with 0.1 jag resulted in increased survival. 
Treatment of resistant 86 mice with 0.1 ng of rIL-12 using the 
same regimen also significantly decreased the peak parasitemia level, but 
40% of the animals died. Treatment of these mice with 
anti-IL-12 mAb resulted in a more severe course of infection, but 
survival was not significantly altered. The mechanism of IL-12-induced 
resistance was examined in A/J mice during infection. Compared with 
spleen cells from untreated mice, cells from IL-12-treated mice produced 
significantly higher levels of IFN-y spontaneously as well as in 
response to Con A or Ag stimulation on day 7 postinfection. Significantly 
higher levels of IFN-y and TNF-a were found in the sera of 
IL-12 -treated mice, which correlated with high levels of the 
nitric oxide (NO) metabolite, NO. sub. 3 . sup. - . 
Furthermore, CD4.sup.+ T cell depletion was found to abrogate 
IL-12-induced resistance. Administration of neutralizing mAb against 
IFN-y or TNF-a to IL- 12 -treated mice showed that simultaneous 
depletion of both cytokines resulted in 100% mortality. The role of NO 
was investigated by administration of aminoguanidine, a selective 
inhibitor of cytokine- inducible nitric oxide 

synthase, to IL-12-treated mice. Significantly increased mortality was 
observed following treatment twice daily with 9 mg of 

aminoguanidine, but there was no effect on parasitemia. In conclusion, 
these results demonstrate that IL-12 regulates the development of 
resistance to P. chabaudi AS via a CD4.sup.+ Thl response, which involves 
the cytokines IFN-y and TNF-a, and is in part NO dependent. 
Therefore, IL-12, given in the appropriate dose, may be useful in the 
induction of protective immunity to blood-stage malaria. 

L62 ANSWER 29 OF 37 LIFESCI COPYRIGHT 2005 CSA on STN 
ACCESSION NUMBER: 97:45603 LIFESCI 

TITLE: The heme moiety of malaria pigment ( beta 

-hematin) mediates the inhibition of 
nitric oxide and tumor necrosis factor 
alpha production by lipopolysaccharide-st imulated 
macrophages 

AUTHOR: Taramelli, D. ; Basilico, N. ; Pagani, E.; Grande, R . ; Monti, 

D.; Ghione, M. ; Olliaro, P. 
CORPORATE SOURCE: Istituto di Microbiologia Medica, Univ. di Milano, Via 

Pascal 36, 20133 Milano, Italy 
SOURCE: EXP. PARAS I TOL . , (1995) vol. 81, no. 4, pp. 501-511. 

ISSN: 0014-4894. 
DOCUMENT TYPE: Journal 
FILE SEGMENT: K 
LANGUAGE : Engl i sh 

SUMMARY LANGUAGE: English 

AB To investigate the effect of the heme moiety of malaria pigment, 
hemozoin, on phagocyte functions, mouse macrophages were fed with 
insoluble beta -hematin, the synthetic heme-polymer chemically identical 
to the native pigment, or the soluble monomer, hematin. Production of 
inflammatory cytokines, interleukin 1 (IL1) , tumor necrosis factor alpha 



(TNF alpha ) , and nitric oxide (NO) was assayed in the 
supernatants after stimulation with lipopolysaccharide . The results 
indicate that both beta -hematin and hematin induce a dose-dependent 
inhibition of macrophage production of TNF alpha and NO, but not 
of ILL One-hour pretreatment with soluble hematin inhibited production of 
cytotoxic mediators by more than 50% compared to controls, while 6-hr 
exposure was necessary for insoluble beta -hematin to induce the same 
level of inhibition. However, the same treatment did 

not modify the production of TNF alpha and NO by mouse microglia cell 
lines. The inhibition was partially counterbalanced by adding 
sulphydryl group donors such as 2-mercaptoethanol , glutathione, or 
N-acetyl -cysteine during the preincubation time. The results of the 
present study confirm the inhibitory role of malaria pigment and 
show that such effect is due to the heme moiety and may be selective for 
the production of cytotoxic mediators by specific phagocytes. The 
implications of these findings in the control of malaria 
infection and disease and in the pathogenesis of severe malaria 
are discussed. 
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Expression of inducible nitric oxide (NO) synthase 

has been shown to inhibit the development of several pathogens, including 
fungi, bacteria, parasites, and viruses. However, there is still 
controversy as to whether this effector mechanism can inhibit the 
development of human pathogens. We now report that gamma interferon 
(IFN-y) induces the elimination of Plasmodium 

falciparum-infected primary human hepatocytes from cultures and that the 
antimalarial activity is dependent on NO. Infection with the parasite 
alone in the absence of added IFN-y caused a 10-fold increase in NO 
formation. Both spontaneous inhibition and IFN-y- induced 
inhibition of Plasmodium yoelii- infected murine 

hepatocytes were increased with the addition of the NO synthase cof actor 
tetrahydrobiopterin, or sepiapterin, which is converted to 
tetrahydrobiopterin. These results indicate that under in vitro 
conditions the parasite itself provides a signal that triggers induction 
of the NO pathway in human and murine hepatocytes and that NO formation 
in infected hepatocytes is limited by tetrahydrobiopterin availability. 
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AB Evidence for a role for macrophages/monocytes is largely based on in 
vitro not in vivo observations. Products of activated macrophages 
particularly tumor necrosis factor-alpha { TNFa ) are implicated in 
the killing of parasites. Access of cytokines and other factors 
might be through intracellular channels in the infected red blood cell. 
The cytotoxic elements in Crisis' serum are uncertain but may include 
TNF # gamma -interferon (IFNy) , and lipid peroxidases . TNFa in 
excess, contributes to pathology. TNF, acting as a pyrogen and raising 
body temperature, may moderate parasite density by killing late 
asexual stages. Nitric oxide and other nitrogen 

intermediates, products of activated macrophages and a number of other 
cell types, have been demonstrated both in vitro and in vivo to have a 
protective role. Phagocytosis of infected erythrocytes and merozoites, 
enhanced by the presence of immune serum in some systems, has been 
reported. Killing of parasites by neutrophils is enhanced by 
immune serum and cytokines TNFa, IFNy and lymphotoxin. A role 
for natural killer cells has been suggested. Evidence for 
antibody-dependent cellular cytotoxicity (ADCC) is controversial. 
Antibody- dependent cellular inhibitory activity (ADCI) (blood monocytes 
plus immune IgG) has been described for P. falciparum. Evidence for an 
important role for complement is conflicting; an involvement in the 
protective activity of phagocytic cells is reported. Antibody isotypes 
have been relatively little studied. In murine systems IgG (2a) may have a 
role early in the protective immune response followed by IgG. sub. 1. In P. 
falciparum ADCI activity is mediated by IgG. sub. 1 and IgG. sub. 3, two 
cytophilic isotypes. Antigenic variation by the asexual erythrocytic 
stages has been described for a number of malaria species and 
appears to serve as an immune evasion mechanism. One variant antigen has 
been located on the surface of trophozoite/schizont- infected erythrocytes 
and may be involved in cytoadherence . In P. falciparum in vitro and P. 
chabaudi in vivo antigenic switching may be at the rate of 2% per 
generation. 
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AB To discover how nitric oxide (NO) synthesis is 

controlled in different tissues as cells within these tissues combat 

intracellular pathogens, we examined three distinctively different 

experimental murine models designed for studying parasite-host 

interactions: macrophage killing of Leishmania major; 

nonspecific protection against tularemia (Francisella tularensis) by 

Mycobacterium bovis (BCG) ; and specific vaccine- induced protection 

against hepatic malaria with Plasmodium berghei . Each 

model parasite and host system provides information on the source and 

role of NO during infection and the factors that induce or inhibit its 

production. The in vitro assay for macrophage antimicrobial activity 

against L. major identified cytokines involved in-regulating NO-mediated 

killing of this intracellular protozoan, zoan. L. major induced 

the production of two competing cytokines in infected macrophages: (1) 

the parasite activated the gene for tumor necrosis factor (TNF) , and 

production of TNF protein was enhanced by the presence of 

interferon -gamma (IFN-y) . TNF then acted as a autocrine signal to 

amplify IFN-y-induced production of NO, and (2) the parasite 



upregulated production of transforming growth factor-beta (TGF-P) , 
which blocked IFN-y-induced production of NO. Whether 
parasite- induced TNF (parasite destruction) or TGF-p (parasite 
survival) prevailed depended upon the presence and quantity of 
IFN-y at the time of infection. The relationship between NO 
production in vivo and host resistance to infection was demonstrated with 
M. bovis (BCG) . These studies confirmed that both IFN-y and TNF are 
required for induction of NO-mediated nonspecific host defense in vivo. 
The presumed source of NO in these studies was the activated macrophage, 
however, other cells infected with parasites can also be stimulated to 
produce NO. In studying acquired immunity to malaria induced by 
irradiated sporozoites, we found that IFN-y provided by 
malaria-specific CD8.sup.+ T cells stimulated sporozoite-inf ected 
hepatocytes to produce NO for destruction of either infected hepatocytes 
or the parasite, P. berghei, within these cells. 
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Interferon- gamma induced lethality in the late phase of 
Plasmodium vinckei malaria despite 
effective parasite clearance by chloroquine. 
Kremsner, P.G.; Neifer, S.; Chaves, M.F.; Rudolph, R. ; 
Bienzle, U. 

Landesinst. Tropenmed. Berlin, Engeldamm 62, 
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EUR. J. IMMUNOL. , (1992) vol. 22, no. 11, pp. 
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A combination therapy was tested consisting of chloroquine and interferon - 
gamma (IFN- gamma ) in the late phase of blood-stage Plasmodium 
vinckei malaria in BALB/c mice. Pretreatment of P. vinckei 
-infected mice with pentoxifylline, a phosphodiesterase inhibitor, led to 
a significant decrease of IFN- gamma -induced lethality. In contrast, 
pretreatment with neutralizing antibodies to tumor necrosis factor or with 
L-N-monomethyl arginine, the latter an inhibitor of the nitric 
oxide synthase, significantly increased lethality. 
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Nitric oxide and cerebral 
malaria . 
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Dr. Clark and colleagues draw attention to features shared by cerebral 
malaria, heat stroke, postoperative transitory syndrome, and the 
neurological syndrome that may develop as a result of treatment 
with tumour necrosis factor (TNF) or interleukin-2 (IL-2) . Some features 
(mental disturbances such as coma and seizures, and high concentrations of 
circulating proinflammatory cytokines such as TNF and IL-1) are reversible 
in non- fatal cases; but, cerebral malaria, for example, is 
invariably lethal if untreated. Clark and colleagues postulate that 
nitric oxide (NO) represents the physiopathological link 
between mental disturbances and cytokine concentrations: cytokines would 
induce the synthesis of NO in the vascular wall of the brain circulation, 
which would then diffuse into the brain parenchyma and affect neurological 
function. We present experimental data that do not support this view. 
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L-arginine-dependent effector mechanism. 
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Primary cultures of BALB/cJ hepatocytes treated with 10 super (3) U/ml 
rIFN- gamma consistently inhibited intracellular Plasmodium 
berghei) liver schizont development by 50 to 70%. Monomethyl -L-arginine (N 
super (G) MMLA) , the competitive inhibitor of L-arginine as substrate for 
production of nitric oxides by hepatocytes, reversed 
the activity of I FN- gamma on these malaria-infected cells. The 
data strongly suggest that the action of I FN- gamma on P. 
berghei) -infected hepatocytes is to induce the production of 
L-arginine-derived nitrogen oxides that are toxic for the intracellular 
parasite. 
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We have investigated the in vitro susceptibility of the human 

malaria parasite Plasmodium falciparum to 

killing by nitric oxide and related 

molecules. A saturated solution of nitric oxide did 

not inhibit parasite growth, but two oxidation products of nitric 

oxide (nitrite and nitrate ions) were toxic to the parasite in 

millimolar concentrations. Nitrosothiol derivatives of cysteine and 

glutathione were found to be about a thousand times more active (50% 

growth inhibitory concentration, approximately 40 nM) than nitrite. 
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Tumour necrosis factor and associated cytokines in the 
host's response to malaria 
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Tumour Necrosis Factor (TNF) is produced at the initiation of 
malaria infections (pre-erythrocytic phase) , as demonstrated by 
the release of bioactive TNF by peripheral blood mononuclear cells from 
individuals residing in endemic areas after stimulation with stage 
specific sporozoite antigens. During the erythrocytic phase, TNF 
production is greatly augmented by parasite antigens at the time of 
schizont rupture and merozoite release from infected erythrocytes. Some of 
the strongest inducers of TNF synthesis and release are malaria 
toxins, e.g. glycosylphosphat idyl inositol moieties and malaria 
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pigment. Because of TNF's well-known cytotoxic activity it was originally 

hypothesized that it alone was responsible for killing parasites 

directly or within host cells. Though earlier reports of the capability of 

serum containing TNF to kill plasmodia supported this idea, 

later experiments with recombinant TNF showed a lack of significant 

parasiticidal activity. Recent studies investigating related factors 

showed that they were involved with TNF in the control of infection. These 

factors included other cytokines, such as interleukin (IL)-l, IL-6, IL-12, 

interf eron-gamma (I FN gamma ) as well as nitric oxide 

intermediates (NOI) and reactive oxygen intermediates (ROD . This 

positioned TNF as a key regulator of the immune response against the 

malaria parasite. However, it must be noted that TNF and its 

associated factors are also responsible for the fever, aches and pains of 

acute illness, as well as the hypoglycemia, shock, bleeding and reversible 

coma of severe malaria seen in approximately 1 percent of 

individuals with malaria. Therein lies the rub; factors 

important in the control of malaria also appear to have 

detrimental properties. Research presented in this review characterizes 

TNF and associated cytokines ' importance in the immune response to 

malaria. 



